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The Dopamine D4 Receptor Gene (DRD4) is Associated with Attentional
Bias in Heroin Abusers and Cigarette Smokers
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Abstract: The search for a genetic vulnerability gene for substance abuse has focused on dopaminergic genes, including
the DRD4 receptor. In addition to clear biological mechanisms in substance abuse, many studies have found a psychologi-
cal attentional bias to drug-related stimuli in substance users. This study aimed to determine whether a DRD4 gene poly-
morphism is associated with such attentional biases to substance-related stimuli. Eighty heroin abusers in treatment, 80
cigarette smokers, 80 alcohol abusers in treatment and 80 non-smoking community controls undertook an emotional
Stroop task to measure attentional bias to drug-related stimuli. DNA was obtained from cheek cell samples and the DRD4
VNTR polymorphism genotyped. Heroin abusers and cigarette smokers, but not controls, who carried the long variant at
the DRD4 gene spent significantly longer responding to drug-related stimuli than they did to neutral stimuli when com-
pared to those who did not carry the long variant at the DRD4 gene. A non-significant trend to delay was observed in al-
coholics. These findings suggest that variants at the DRD4 gene influence attentional bias in substance abusers and offer
further insight into the role of the DRD4 gene in drug dependence as well as individual differences in the susceptibility to

attentional bias to drug-related environmental cues.

INTRODUCTION

Recently there have been discussions concerning the do-
pamine D4 receptor gene (DRD4) VNTR polymorphism and
its association with cue-reactivity in heavy drinkers [1]. The
DRD4 VNTR polymorphism has also been examined in rela-
tion to cue-elicited craving in cigarette smokers [2]. How-
ever, this research has largely relied on self-report measures
of attention to substance-related cues and has not considered
cue-reactivity in abusers of illicit drugs, such as heroin, de-
spite evidence of an association between the DRD4 gene
polymorphism and heroin abuse [3].

The DRD4 gene is a logical candidate for attentional bias
to substance-related cues because of its distribution in the
brain. DRD4 receptors are dense in the nucleus accumbens
(NAcc) and have been shown to be critical to sensitisation of
NAcc pathways [4]. Nicotine has been shown to induce do-
paminergic sensitisation in the NAcc [5]. Hutchison and col-
leagues [2] found that cigarette smokers with the long allele
at the DRD4 gene showed an increase in craving and atten-
tion to drug cues during exposure to smoking-related stimuli,
when compared to participants with the short allele, thus
pointing to this polymorphism as a moderator in cue-
reactivity. Further work has supported this finding in a sub-
sequent study with alcohol dependent participants [6], in
which participants with the long alleles at DRD4 had an in-
crease in alcohol craving after consuming alcoholic drinks
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compared to non-alcoholic drinks, illustrating the moderat-
ing effects of the DRD4 gene polymorphism on cue-elicited
craving. This finding has support more recently in a study
using 420 heroin users [7].

The way in which individual differences in genes influ-
ence attentional bias to substance-related cues is far from
clear and there is currently limited evidence of the risk fac-
tors associated with enhanced drug-cue associative learning
and responding. The physiological basis of drug taking has
been said to occur due to distinct neural pathways, making
up the mesolimbic dopamine system, that differ in response
to novel, appetitive and aversive stimuli [8]. These geneti-
cally determined neural pathways are thought to allow for
enhanced associative learning of drug effects, in particular in
the NAcc [9, 10]. An individual’s susceptibility to condi-
tioned responses to drug cues may develop powerful drug-
cue associations, therefore, producing greater cue reactivity.

There is currently a shortage of cue-reactivity research
that has tested the attribution of incentive salience, although
animal research suggests that the ability to induce sensitisa-
tion is modulated by learning and environmental cues [11-
14]. It appears that the interaction of neural sensitisation and
associative learning is responsible for the focus that drug
abusers have on drug-related stimuli. That is, the behaviours
and objects associated with drug taking become powerful
incentives themselves and the modulation of the expression
of sensitisation via the drug-taking context may contribute to
the crucial role that drug-related cues play in precipitating
relapse.

Cue reactivity occurs when stimuli, such as environ-
mental context or substance-related materials, become
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associated with the drug and due to this pairing become
conditioned stimuli. Drug relevant stimuli become
conditioned stimuli that elicit motivational states that can
produce physiological and behavioural responses that are
similar to that of the drug response [15]. This attentional bias
can be tested using modifications of the Stroop task [16].
Modified Stroop tasks are especially useful for testing
whether stimuli capture the attention of participants. In the
original Stroop task participants were presented with lists of
colour-words (e.g. RED), which were printed in different
colours (e.g. blue). Participants were required to respond to
the written word ("RED") whilst ignoring the colour in
which the word was printed (blue) and name the colour
("blue") whilst ignoring the word (RED). Stroop found that
to name the colour whilst ignoring the word produced longer
response times [16]. The Stroop effect occurs because
participants attention is directed partly toward the semantic
properties of the stimuli (meaning of the word) and partly
toward the perceptual properties (colour in which the word is
printed). When the semantic and perceptual properties are
inconsistent, interference occurs, thus producing longer

reSPANSC MR nal Stroop task goes further and is able to

differentiate between groups of individuals with and without
a psychopathology, providing a reliable instrument for as-
sessing attentional bias [17]. The emotional Stroop task uses
stimuli that are either neutral in emotional valence or stimuli
that are emotionally evocative for participants. The logic
underlying the original Stroop can be extended to interpret
results from emotional Stroop tasks. When participants are
preoccupied with say alcohol and they encounter a word like
"Vodka", they take longer to respond to the colour of that
word than a neutral word like "Sofa" because extra time is
taken to process the semantic properties of the associated
stimulus.

Modifications of the Stroop test have been widespread
and more recently, the Stroop paradigm has been used to
investigate information processing biases underlying Sub-
stance Use Disorders (SUD). Gross and colleagues [18]
measured the reaction times of smokers to smoking-related
and neutral words. Successful performance of the Stroop
task requires suppression of the meaning of the stimulus
word in favour of activation of the colour name. Results
were as predicted, abstinent smokers were slower to colour
name smoking-related than non-smoking-related words. This
finding has since been supported by further studies [19, 20]
and further support for attentional bias can be seen in studies
conducted with alcoholics [21-23]. This processing bias
makes the suppression of meaning of substance-related
words more difficult and leads to greater interference during
the task.

Cue reactivity is an area where identifying and explain-
ing individual factors that contribute to variability in drug
sensitisation is of benefit because exposure to substance-
related stimuli in substance abusers could mediate the main-
tenance of their disorder by producing craving. This is be-
cause it makes the user want to use by being shown stimuli
that remind them of the substance. The incentive sensitisa-
tion theory [24] claims that among individuals prone to sub-
stance dependence, the use of a substance sensitises their
positive incentive value of the substance. Therefore the sub-
stance user becomes highly motivated to seek out drugs and
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related stimuli. The basis of substance dependence therefore
is not the pleasure of taking the drug per se, but the antici-
pated pleasure of taking it. The wanting of the drug becomes
sensitised and therefore the incentive salience of the drug
becomes out of proportion with the pleasure obtained from
it. Therefore, the drug is craved regardless of physical and
social problems that are incurred from drug use.

It is apparent that individual differences contribute to
drug-cue associative learning and responding. Therefore,
using a modified emotional Stroop task, this study examined
whether the DRD4 gene polymorphism influences the degree
of attentional bias to substance-related environmental stimuli
amongst users of different substances by comparing differ-
ences in stimuli-responsiveness between individuals with
and without the long variant at the DRD4 gene.

METHOD

Three hundred and twenty unrelated, Caucasian individu-
als consented to take part in this study. Participation was
entirely voluntary and no incentive was offered. The study
was approved by London Metropolitan University; Maudsley
and Bethlem Royal Hospitals NHS Trust; Croydon Local
Research Ethics Committee and East London and City
Health Authority in London UK. The sample comprised 80
opiate abusers in treatment (15% female; mean age 36
years); 80 alcohol abusers in treatment (14% female; mean
age 41 years); 80 cigarette smokers (46% female; mean age
33 years) and 80 controls from general practice services
(41% female; mean age 35 years). Mood disorders were self
reported by 25% of the heroin group, 42% of alcoholics, 6%
of smokers and 4% of controls. No other psychiatric disorder
was reported in this sample. Ethnicity was an important fac-
tor in this study for genetic reasons. Ethnic differences in
genes for complex disorders are to be expected since the
allele frequencies vary widely [25]. Due to these differences
between ethnic groups and to minimise confounding of ge-
netic test results, inclusion criteria were met if participants
were western European. Participant self-reports confirmed
that smokers and controls were not in treatment for a SUD
and controls did not smoke cigarettes, abuse illicit drugs or
alcohol. Genetic data from 93.8% of the entire sample could
be used for analyses. The 2-, 3-, 4-, 5-, 7- and 8-repeat alleles
accounted for 9%, 2.3%, 77.3%, 0.18%, 11% and 0.18% of
alleles, respectively. For the Stroop task, all participants
were asked and stated that they had normal or corrected to
normal vision and that English was their first language.

Participants were clean and sober at the time of the study.
This was ensured as it was a requirement of the treatment
service from within the local trust where heroin and alcohol
groups were approached. Participants completed a series of
questionnaires, provided a sample of their DNA using a
cheek cell sample kit and carried out an emotional Stroop
task on a laptop computer.

The Severity of Dependence Scale [26] was used to
measure the degree of psychological dependence experi-
enced by heroin users. A typical mean SDS score amongst a
London population of heroin users is 8.7 (SD 4.0) [26]. The
Severity of Alcohol Dependence Questionnaire (SADQ) [27]
was administered to alcohol abusers. The higher the total
score, the more severe the dependence syndrome, severely
dependent individuals typically score 30 or above. The
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Questionnaire on Smoking Urges (QSU) [28] was adminis-
tered to all participants who smoked cigarettes as a psycho-
logical measure of urges to smoke. Cigarette smokers
smoked on average 14 cigarettes per day and had smoked
cigarettes for an average of 16 years (93% had smoked their
last cigarette within the past week). 92% of both heroin and
alcohol users had been abstinent for at least 24 hours. The
heroin group had a mean severity of dependence score of
10.5 (SD 2.8) and the alcohol group had a mean severity of
alcohol dependence score of 32.5 (SD 12.8).

The emotional Stroop task was delivered on a laptop
computer and consisted of 144 trials grouped into three
counterbalanced blocks of 48 trials. Words within their
blocks were randomly shuffled by the modified emotional
Stroop program. The words appeared on the screen in one of
four different colours (red, blue, green or yellow) on a black
background. Blocks and colours were randomized. Heroin-
related words were: heroin, chasing, foil, gear, bag, inject,
methadone, smack. Alcohol-related words were: alcohol,
booze, drunk, drink, hangover, pub, DTs, shakes, and smok-
ing-related words were: cigarette, smoking, lungs, fags,
lighter, nicotine, tobacco, ash tray. Response times to these
stimuli were compared with that of neutral words: door, ta-
ble, picture, sofa, chair, cabinet, rug, desk. This protocol
was developed during piloting procedures carried out on a
London population who were representative of the popula-
tion approached for this study. During the piloting phase,
participants were asked to list as many words as they could
think of, which they would associate with their drug of
choice. Dialect, language and slang vary from culture to cul-
ture, amongst different communities and from time to time,
so by collecting words from a representative sample of the
population to be recruited for the main study, it could be
argued that the words were substance-related according to
that particular population at the time the study was con-
ducted. Stimuli were matched by length and number of syl-
lables, rather than by frequency, because the time taken to
read the words is what is measured during the task. Addi-
tionally, it has been argued that “the frequency with which
participants who suffer from a particular disorder (e.g. al-
cohol abuse) have been exposed to words related to that dis-
order (e.g. alcohol-related words) is not represented by the
frequency with which those words occur in the spoken lan-
guage, leading researchers to question the relevance of the
control” [p. 1263] [29]. Nevertheless, it is difficult to choose
the correct method of matching stimuli [30] and choosing
how to match words has given rise to lively discussion in the
literature, without resolution. Household terms were used in
the neutral condition as they belong to a category and there-
fore are semantically related to each other and are not closely
associated to colour words, i.e. as sky is to blue [29]. The
reaction time, error rate and total duration of task were re-
corded.

A practice Stroop task was performed whereby the par-
ticipant’s score appeared on the screen to determine error
rate and to decide whether the participant could successfully
go on to complete the main task. Participants were instructed
to respond to the colour of the words, which appeared on the
screen, whilst ignoring the content of the word. They were
told to do this by pressing the appropriate coloured key on
the keypad that corresponded with the colour in which the
word was printed. A fixation point appeared in the centre of
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the screen for one second followed by the first word. When
the participant responded to the stimulus the second word
appeared on the screen, which was preceded by a fixation
point. This procedure was repeated until responses for all
trials in each block had been given. The heroin group re-
sponded to three counterbalanced blocks of 24 heroin-related
and 24 neutral words. The alcohol group responded to three
counterbalanced blocks of 24 alcohol-related and 24 neutral
words. The cigarette smokers responded to three counterbal-
anced blocks of 24 smoking-related and 24 neutral words. In
counterbalanced order, controls received one block of each
of the substance-related word blocks (24 heroin-related and
24 neutral, 24 alcohol-related and 24 neutral and 24 smok-
ing-related and 24 neutral).

A DNA cheek swab kit was used to collect the data for
genetic testing. The 48 base pairs (bp) repeat in exon 3 of the
dopamine D4 receptor gene (DRD4) was genotyped using
PCR. This region was amplified using primers D4-1 (5'-
GGT CTG CGG TGG AGT CTG - 3') and D4-2 (5' - GCG
ACT ACG TGG TCT ACT - 3"). The PCR reaction was per-
formed in a 20ul volume containing 100ng genomic tem-
plate, 10pmol of each primer (D4-1 and D4-2) and 200
wmol/l of each dNTP (ATP, CTP, TTP, 50% DEAZA GTD,
50% GTP). Taq polymerase was used in Perkin Elmer buffer
with 1.5mls MgCl1, and 10% DMSO. After an initial denatu-
ration of 10 minutes at 95°C, the Taq polymerase was added
followed by a cycle of 95°C for one minute, annealing at
55°C for one minute and extension at 72°C for one minute
then 33 cycles of amplification at 95°C and a final extension
step of 10 minutes at 72°C performed in a PTC 200 MJ Re-
search DNA engine. These PCR conditions followed the
standard method used in the laboratory that previously had
been tried and tested and followed standard published proce-
dures [31]. Fragments were resolved by 2% agarose gel elec-
trophoresis and visualized by ethidium bromide staining and
UV Tran illumination. Results were recorded using a Polar-
oid camera. Allelic and genotypic frequencies were calcu-
lated by direct counting of genotypes and alleles then inde-
pendently verified by a specialist to ensure genotyping accu-
racy. DRD4 alleles vary in size from 332-706bp (2-10 re-
peats of a 48bp fragment). These were grouped into short (2-
5 repeats) and long (6-10 repeats) alleles on the gene so that
individual genotypes could be divided into homozygote
‘long-long’ and ‘short-short’ and heterozygote ‘long-short’.

RESULTS

Mean correct Response Times (RT) in milliseconds (ms)
on the emotional Stroop task were analysed using 2x2
ANOVA with stimulus type (substance-related versus neu-
tral words) as the within participant factor and DRD4 allele
(long versus short) as the between participant factor (for
mean RT see Table 1). ANOVA was performed to examine
whether presence or absence of the long allele at the DRD4
gene differentiated participants with respect to their Stroop
performance.

Heroin abusers on average made 1.8 errors (SD 4.4) on
the Stroop task. These participants may have delayed their
responses to ensure accuracy during the task as a significant
correlation was found between error rate and mean RT (r =
0.45, n =80, p < 0.01, two-tailed). The majority (76.8%) of
participants reached ceiling effects. There was a significant
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interaction between stimulus type and genotype (F [1, 72] =
4.76, p = 0.03). Planned comparisons t-tests indicated that
heroin abusers with the long allele at DRD4 spent signifi-
cantly longer to respond to the heroin-related words than
they did to the neutral words when compared to participants
without the long allele (t[1, 72] =2.47,p =0.01).

Table 1. Long and Short Allele Groups Mean Stroop RT (ms)

on Stimulus Type

. Long Short Total
Heroin Users

Mean SD Mean SD Mean SD

Heroin 1103 431 922 283 955 321
Neutral 938 184 869 218 882 213
Interference 165 53 73
N 19 56 75
Smokers Long Short Total

Mean SD Mean SD Mean SD

Smoking 1035 362 844 151 940 203
Neutral 956 285 834 278 890 281
Interference 79 10 50
N 15 60 75
Alcoholics Long Short Total

Mean SD Mean SD Mean SD

Alcohol 1044 | 290 967 346 976 340
Neutral 973 227 943 347 947 336
Interference 71 24 29
N 14 56 70
Controls Long Short Total

Mean SD Mean SD Mean SD

Substance 900 374 820 145 824 162

Neutral 925 359 831 173 840 185
Interference 25 11 16
N 4 67 71

Smokers made on average 1.8 errors (SD 4.3). It would
appear that participants did not delay their responses to en-
sure accuracy during the task because no significant correla-
tion was found between error rate and mean RT (r = 0.06, n
=80, p = 0.59, two-tailed) and the majority (92%) of partici-
pants reached ceiling effects. ANOVA was performed to
examine whether presence or absence of the long allele at the
DRD4 gene differentiated participants with respect to their
responses to smoking-related stimuli. There was a significant
interaction between stimulus type and genotype (F [1, 72] =
4.66, p = 0.03). Planned comparisons t-tests indicated that
individuals with the long allele at DRD4 spent significantly
longer to respond to the smoking-related words than they did
to the neutral words when compared to participants without
the long allele (t[1, 72] = 3.79, p = <0.01).
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Alcoholics made on average 1.5 errors (SD 2.7). Correla-
tional analysis indicated that participants did not delay their
responses to ensure accuracy during the task (r = 0.13, n =
80, p = 0.27, two-tailed) and 94.8% of participants reached
ceiling effects. Presence or absence of the long allele at the
DRD4 gene did not differentiate alcoholics with respect to
their Stroop performance as there was no main effect of
genotype (F [1, 68] = 0.34, p = 0.56) and the within partici-
pant effect for stimulus type was not significant (F [1, 68] =
2.14, p = 0.15) although a trend to delay can be observed in
the alcoholics carrying the long variant (see mean RT in Ta-
ble 1).

Controls made on average 1.6 errors (SD 2.4). Correla-
tional analysis indicated that controls did not delay their re-
sponses to ensure accuracy during the task (r = 0.01, n = 80,
p = 0.96, two-tailed) and 91.2% reached ceiling effects.
Presence or absence of the long allele at the DRD4 gene did
not differentiate controls with respect to their Stroop per-
formance as there was no main effect of genotype (F [1, 69]
=1.02, p = 032) and the within participant effect for stimulus
type was not significant (F [1, 69] = 0.59, p = 044).

CONCLUSIONS

The DRD4 gene polymorphism was found to influence
attentional bias in heroin users and cigarette smokers. Both
groups spent significantly longer to respond to substance-
related stimuli if participants carried the long allele at the
DRD4 gene, whereas participants without the long allele did
not show this difference. This processing bias makes the
suppression of meaning of substance-related words more
difficult and leads to greater interference during the task.
Substance abusers appear to be preoccupied with stimuli that
are related to their drug so therefore spend longer to respond
to the colour in which the word is printed. This finding is in
line with previous research [2, 7] that has found the DRD4
gene to moderate cue-elicited craving in smokers. However,
it does not support a positive finding conducted with alcohol
dependent participants [5]. Reasons for this discrepancy be-
tween findings could be difficult to identify because “given
the current state of knowledge regarding the functional sig-
nificance of the DRD4 and the biological action of alcohol,
the precise nature of the interaction between the DRD4
VNTR polymorphism and alcohol is not clear.” [p.143] [5].

It could be argued that these conflicting findings are a
result of the differing populations, measures and methods
used in the studies. The present study used a Stroop task to
measure attentional bias to alcohol-related cues, whereas
previous work [6] has used alcoholic and non-alcoholic bev-
erages as cues to elicit craving for alcohol and self-report
measures of attention.

Alternatively, failure to identify a significant association
between the DRD4 gene polymorphism and reactivity to
alcohol-related cues in the present study could be due to the
relative importance of this particular gene on alcohol de-
pendence. Previous studies have reported associations with
the DRD4 gene long allele and heroin [32-36] and nicotine
[37-39] but not alcohol [40-42] dependence. In the present
study, mean reaction times recorded for alcohol abusers did
show a trend in the same direction as that of drug abusers
however this trend did not reach statistical significance.
Therefore, the trend that can be seen from the findings re-
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ported here appears consistent in that the DRD4 gene poly-
morphism has a greater influence on drug dependence than it
has on alcohol dependence, with other genes, such as the
aldehyde dehydrogenase (ALDH2) gene possibly having a
greater effect on alcohol [43].

Further work, examining the relative importance of other
genes on attentional bias, is necessary to clarify this issue.
Nevertheless, the long allele at the DRD4 gene may repre-
sent a genetic mechanism that influences the expression of
incentive salience of both heroin and nicotine. Theoretically,
these findings can be explained from the view of the incen-
tive sensitisation theory [24]. Craving is elicited by cues
whereby related stimuli have the ability to direct behaviour
toward drug seeking. This being the case, there are implica-
tions for the treatment of substance dependence. A fuller
understanding of individual susceptibility to sensitisation and
the mechanisms that underlie attentional bias could lead to
some improvement in the effectiveness of treatment by fo-
cusing on the long-term urge to use drugs that arises from a
sensitised brain system that mediates their motivation to use.

In conclusion, the present study found that the DRD4
VNTR polymorphism is associated with attentional bias to
substance-related cues using an emotional Stroop task. More
research is necessary to be carried out to determine whether
this finding is replicable and the extent to which other genes
might influence such attentional biases.
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